Background
Much of the medical literature regarding injury from the ingestion of wire bristles from grill brushes has been published only in the last decade [1] . During grill cleaning, small wire bristles may break off, become embedded into grilled food, and accidently ingested. Although data from the Consumer Product Safety Commission's National Electronic Injury Surveillance System estimates that 1698 cases of grill brush wire injuries presented to an Emergency Department (ED) between 2002 and 2014, only 36 cases have been reported in the literature [2] . In the first known case, at Northwestern University in 1951, the foreign body was located just above the clavicle, causing concern for possible perforation of the esophagus [3] . Public awareness of the issue was increased in 2012 when the Centers of Disease Control and Prevention (CDC) published a 2-part report on 12 cases of bristle ingestion [4, 5] . Given the insidious presentation and difficult visualization, physicians should be made aware of this issue to promote timely diagnosis and appropriate intervention.
Grill wire bristle ingestion has been reported as occurring in patients ranging from age 10 months to 92 years, with a mean age of 30 years and roughly equal incidence in males and females [1, 2] . Common presenting symptoms after ingestion included sudden onset of dysphagia, odynophagia, throat pain, globus sensation, or abdominal pain [1, 4, 6, 7] . The severity of injury ranged from puncture of the soft tissues of the neck to perforation of the gastrointestinal tract; treatment ranged from conservative management to surgical exploration and extraction [1, 4] . Most cases pertained to upper aerodigestive tract presentations, with the oropharynx as the most common location [1] [2] [3] [4] 8, 9] . Far fewer reports have been published on abdominal presentations with injuries past the gastroesophageal sphincter, yet perforation and subsequent need for operative management has been shown to be more prevalent in these types of cases [4, 6, 7, 10] . Herein, we report on 3 cases of accidental ingestion of grill cleaning wire bristles with injury past the gastroesophageal sphincter.
Case Reports Case #1
A 55-year-old male with a medical history of kidney stones and hyperlipidemia presented to the ED for evaluation after experiencing 2 days of abdominal pain while working in the yard. The pain, described as sharp and waxing and waning, began as periumbilical and progressed to radiation throughout the abdomen. The patient denied associated nausea, vomiting, or change in bowel movements. He additionally denied knowledge of ingesting a foreign body. He was afebrile, with vital signs within normal limits. On physical exam, he was diffusely tender but did not have peritoneal signs. A computed tomography (CT) scan showed focal inflammation around a loop of the jejunum in the upper middle abdomen, with a small linear radio-opaque structure within the loop, concerning for a foreign body ( Figure 1 ).
An exploratory laparoscopy found that a loop of the jejunum was severely inflamed (Figure 2A , 2B). The fibrinous outer layer was peeled back, revealing a metallic foreign body projecting out from the bowel wall ( Figure 2C ). This foreign body was removed ( Figure 2D ) and appeared to be a metal brush bristle ( Figure 3 ). The enterotomy in the small bowel was repaired primarily. The patient's postoperative course was uneventful and he was discharged home on postoperative day 1.
Case #2
A 61-year-old female with a medical history of hypertension, irritable bowel syndrome, and gastroesophageal reflux disease presented to the ED with gradual-onset, sharp epigastric pain radiating to her right side, with nausea for 1 week. She denied any fevers, chills, vomiting, diarrhea, or change of appetite. Her surgical history included umbilical hernia repair and tubal ligation. The patient's vital signs were stable. Her physical exam was positive for tenderness to palpation in the right upper quadrant and epigastria. A CT scan of the abdomen and pelvis demonstrated a small metallic wire located between the distal stomach and gallbladder, surrounded by soft tissue inflammation. The patient was admitted for observation; managed with bowel rest, pain palliation, and intravenous hydration; and subsequently underwent an esophagogastroduodenoscopy, which was unremarkable. She stayed in the hospital for 4 days, during which time her abdominal pain improved and nausea resolved. Her diet was advanced and the patient was discharged with instructions to follow up with outpatient general surgery. At follow-up, the decision was made to repeat the CT, which revealed migration of the curvilinear foreign body between the gastric antrum and gallbladder towards the gallbladder (Figure 4 ). The metallic wire appeared to be embedded within the gallbladder wall. The patient was scheduled for a cholecystectomy. During the procedure, a thin fistulous tract from the distal stomach to the gallbladder wall was noted ( Figure 5A ). This tract was bluntly dissected off of the gallbladder wall and a clip was placed at the origin of the fistula tract on the stomach. The gallbladder was removed ( Figure 5B ) and opened on the surgical back table, revealing the presence of a thin metallic wire inside the specimen ( Figure 5C ). The patient's postoperative recovery was uneventful and she was discharged to home the same day.
Case #3
A 41-year-old male with a medical history of hypertension, hyperlipidemia, and cardiac arrhythmia presented to the ED after ingestion of a grill brush bristle. The patient recently had a barbecue and noted discomfort in his throat after eating a piece of grilled meat. A neck x-ray showed a small metallic wire ( Figure 6 ). The Ear Nose and Throat specialist was consulted to attempt to remove this foreign body; however, it too small to visualize. It was thought to have passed into the gastric lumen. Next, Gastroenterology was consulted for possible evaluation and removal of the foreign body. An esophagogastroduodenoscopy was performed, but was unable to detect this foreign body. CT imaging was obtained, suggestive of a subtle extraluminal linear focus of high density in the left mesentery adjacent to a loop of small bowel as described, likely reflecting a retained metallic foreign body given the patient's history ( Figure 7 ). The patient was discharged home and informed to return for evaluation if abdominal pain developed. Several months later, the patient received an MRI for evaluation of shoulder pain. During the imaging, he developed acute abdominal discomfort and presented to the ED for re-evaluation. CT imaging suggested no evidence of intra-abdominal abscess with the presence of a thin linear metallic foreign body that migrated into the left upper quadrant omentum and abdominal wall, with mild surrounding inflammation ( Figure 8 ). The patient was taken to the OR for a diagnostic laparoscopy and removal of the foreign body. The omentum and anterior abdominal wall appeared bruised. A tiny metallic foreign body was protruding from the abdominal wall and was removed. The patient's postoperative course was uneventful.
Discussion
Ingestion of a foreign body should be in the differential when the onset, location, timing, course of pain, and a change from baseline are known. A provided history of ingested grilled food is valuable in making the correct diagnosis, but occasionally there is no such history given. In these cases, a CT scan was critical for diagnosing and locating small, thin, metallic objects. CT scans of the abdomen and pelvis should be performed without oral contrast, which can obscure the wire bristle [5] . Most notably, the foreign body is quite tiny; bristles are also thin and malleable, which can prevent a secure grip on the object. These features make wire bristles difficult to extract, leading to significant morbidity for the patient [9] .
In light of the experience at our institution, we believe that accidental grill wire ingestion is more common than previously thought. To improve monitoring of this injury mechanism, medical professionals and consumers should report these injuries to the U.S. Consumer Product Safety Commission at http://www. saferproducts.gov. Recognizing ingestion of a grill brush wire should lead to prompt diagnosis and subsequent intervention.
Conclusions
Ingestion of grill wire bristles may be difficult to diagnose and manage, often leading to delayed intervention. If a small metallic foreign body consistent with a wire bristle is found incidentally post pyloric in the small or large intestine lumen and the patient is asymptomatic, clinical judgement should be used to determine if surgical or endoscopic removal is indicated. If the patient presents with symptoms or clinical signs of perforation with a wire bristle found post pyloric, surgical exploration should be considered.
